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ABSTRACT.  The  surface  acoustic  wave  (SA'rt’)  properties  of  UIOj  are  theoretically  studied  In  order 
mte  Us  Potential  for  use  In  related  SAW  devices.  The  surface  wave  prope.rtles  were  obtained  by  solvlnc 
coupled  electromagnetic  and  acoustic  wave  equations  sub.ect  to  the  appropriate  bounda.'V  conditions.  '. 
•ii'on  of  the  SAW  velocity,  plesoelectrlc  coupling  and  power  flow  angle  were  obtained  as  a function  of  c. 
jrtfhlc  orientation.  UIO3  was  found  to  have  rriore  than  1 .S  times  the  plezoeleculc  coupling  of  UMbO^, 
low  power  flow  angle  and  SAW  velocities  In  the  range  of  1900  m/sec  to  2300  m/sec.  The  high  plezoelr 
coupling  occurred  for  2-cut  UIO3  and  was  Independent  of  angle.  The  low  SAW  velocity  and  high  coupllr 
material  attractive  for  long  delay  line  applications. 
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Introduction 

In  the  last  ten  years^  there  has  been  a large 
amount  of  work  in  the  study  of  surface  acoustic  wave 
(SAW)  devices  a.nd  their  application  in  microwave  eng- 
ineering. A rather  large  number  of  piezoelectric  mat- 
erials exist  in  nature,  however,  only  a relatively  few 
have  been  exa.mined  In  detail  for  possible  SAW  appli- 
cations. There  are  several  Irr.porta.nt  properties  which 
one  can  look  for  In  a candidate  .mate.'ial  which  might 
prove  tc  be  important  in  a device  application.  Some  of 
these  properties  are  (i)  high  piezoelectric  coupling, 

(111  te.T.perature  compensated  crystallographic  cuts  for 
which  the  temperature  coefficient  of  the  transit  time  is 
zero,  ;til)  low  less  in  the  surface  acoustic  wave,  (iv) 
very  lov.-  or  very  high  SAW  velocities,  and  (v)  low  power 
flow  angle  for  the  SAW.  Depending  upon  the  applicat- 
ion of  the  SAW  device,  one  or  acre  of  the  above  cri- 
teria should  be  satisfied  for  theplezbelectric  material. 

So.me  plezoelecL'ic  materials  have  been  studied^ 

In  o.-der  to  determ.ine  their  possible  usefulness  In  SAW 
devices.  Ho-A-ever,  only  a few  materials  satisfy  one  or 
more  of  the  above  criteria.  LlN'b03^  is  one  of  the  most 
co.-c  c nly  used  materials  and  exhibits  the  highest 

р. ezoclectrlc  coupling.  This  .mate.-;al,  how.--»r,  pos- 
sesses a high  te.'npe.''at'ure  coefficie.nt  of  delay.  Orly 
quartz  and  Te02  possess  terr.perafure  compensated  cuts. 
For  applications  requiring  te.mperat'ure  stability, such  as 
SAW  encoders  and  decoders?  quartz  Is  used.  However, 
the  piezoelectric  coupling  of  quartz  is  about  l/30th 

of  the  coupling  In  UNb03  while  the  coupling  of  Te02  f® 
about  1/  t;h  the  coupling  in  qua.rtz.  Com.pcslte  structures 
.have  been  used®'^  to  satisfy  the  te.mperature  co.mpen- 
sauor.  criterion  but  the  fabrication  problem.s  are  more 
Involved.  For  long  delay  lines  blsm.utli  ger.manlum  ox- 
lde®:s  used  due  to  its  relatively  low  SAW  velocity.  The 
coupling  In  this  material  Is  how’ev er  one  thlru  that  of 
ljNb33 . 

Tt  Is  the  purpose  of  the  present  puper  ic  theoretl- 

с. ill;  calculate  the  su.-face  wave  velocity,  the  plezo- 

r'-  coupling  and  the  power  flow  angle  for  11103  In 
••i-  llojraphlc  directions,  '^.is  material  cry- 
u 1".:  In  the  hexagonal  structu.e'"' Und  belongs  lo 

■•V  k s^p;  ,’  ted  by  the  Air  Force  Cf.'ice  of  Sc.ent<f»C  Pe- 
E :h  • ler  'uant  Nu:  her  75-281  6. 

r . urtment  of  E'.ect.'lcal  Enginoorlng, 
h-  "ri  t:  ■U.-,  Stanford,  .'.'Ufornta  9430.5 

j j o'.lcs  Syr.iXislum  Prootcei.ngs , 
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the  point  group  6 . The  motivation  for  studying  the  SAW 
properties  was  due  to  the  ext.'emely  large  piezoelectric 
effect  observed“~^°ln  this  material  and  hence  the  pos- 
sible use  o:  this  material  In  related  SAW  devices.  Pre- 
liminary experl.mental  .•neasure,'oen;s  a.nd  theoretical  cal- 
culations have  beer.  perfor.mecT  tnLiIOj.  These. 'esJts 
indicate  that  this  .material  has  both  la.-ge  piezoelecmlc 
coupling  and  a relatively  low  SAW  velocity. 

In  the  present  work  the  SAW  p.-ope.rtles  are  ob- 
tained by  solving  the  coupled  electro.magnetic  and  ac- 
oustic wave  equations  subject  to  the  appropriate  bound- 
ary conditions.  In  pa.rtlcular  the  S-.-face  wave  velocity, 
the  piezoelectric  coupling  and  the  power  flow  angle  are 
calculated  as  a function  of  angle  for  all  the  standa.-d 
crystallographic  cuts.  L1IC3  is  tr.en  co.mpared  to  ot.ner 
co.m.mon  SAW  .materials  and  a ?c;siole  application  of 
this  .material  in  a related  SAW  device  Is  discussed. 


. In  a piezoelectric  medium  the  coupled  elecfo- 
magnetlc  and  acoustic  wave  equations  may  be  w.-lt:en 


'ijkt  kij  dx. 


OXjPX.  ik  ox^ox^ 

where  p Is  the  density;  l,j,k,  t = l,2,3:Uj,  the  dls- 
place.ment  components:  x , the  rectangular  cocrdlnate; 
^likl  ' clastic  constant  te.nsor;  e^^jj,  the  Plezo- 
ei'^P'lc  tensor;  Cjjj,  the  dielectric  permittivity  tensor; 
and  »,  the  scalar  potential.  In  the  air  above  the  piezo- 
electric .medium  the  potential  satitfies  luaplace's  eq- 
uation, 

V ^ 4 » 0 . (2) 

If  equations  (1)  and  (2)  are  solved  slmrultaneously  sub- 
ject to  the  conditions  that  the  stre.ss  vanishes  or.  the 
surface  and  the  flux  density  is  continuous  across  the 
boundary  the  SAW  velocity  may  be  oh’alned. 

A measure  of  the  piezoelectric  i Ing  be.A-oen 


the  elertro.mwigr.otlc  wav,.  u*vd  acc'us^'  ' 
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e piezoelfctrlc  substrate  with  a massless  inflr.ltely  thin 
conductor  on  the  surface.  This  .may  be  reesoned  as 
follows.  If  tJ'.ere  was  no  change  In  the  veloclt>',  there 
would  be  no  interaction  between  the  conductor  and  the 
surface  wave.  It  Is  then  concluded  that  an  electrode 
configuration  having  targential  electric  fields  at  the 
surface  would  have  li  i effect  in  surface  wave  genera- 
tion. However . 1:  thi  '.ocity  change  was  significant 
the  electrode -$  urface  ue  inleracticr.  should  be  great- 
er. Wa thematically , i piezoelectric  coupling  is  meas- 
ured in  terms  of  veloc  ■ change  as  follows. 


V = velocity  of  a surface  v.ave  or.  a free  surface 

and 

V = velocity  of  the  surface  wave  with  an  in- 
finitely thin  massless  conductor  on  the  surface. 

Obviously,  a material  which  has  e hJgh  value  of  Iv/v 
.-elative  to  other  piezoelectric  materials  indicates  a sig- 
nificant interaction  betw  een  the  conductor  and  the  sur- 
face wave  and  hence  substantial  piezoelectric  coupling. 

The  power  flow  angle  may  be  obtained  by  evaluat- 
ing the  co.T.plex  mechanical  and  electrical  power  com- 
ponents . Tne  corresponding  angle  between  the  ave.-age 
elecL'O.mechanical  power  flow  and  the  direction  of  pro- 
pagation is  defined  as  the  power  flow  angle.  Both  the 
power  flow  a.ngle  and  its  rate  of  change  along  a cr>’stal- 
lographac  cut  should  be  quite  low. 

Results  and  Discussions 

The  surface  wave  velocity,  the  piezoelectric  co- 
upling and  the  power  flow  angle  were  calculated  by  the 
computer  program,  developed^  for  LlGaD2.  The  exper- 
i-tental  data  for  the  elastic  constants  and  the  piezo- 
e!ett.-ic  constants  were  obtained  from,  the  work  of 
Ka  ;ssu‘hl*° while  the  dielectric  constants  we.'-e  obtained 
from,  the  work  of  Warner  et  al.^^ 
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ngure  1 . The  vorhauon  cf  the  SAW  velocity,  iv 'v  end 
t!..  [.'ow  er  flow  angle  for  stsnd.ard  cry  stenographic  cuts 
ir.  11103.  a cut  occurs  at  X and  V axis  cylinder,  C . 2- 
a.xls  boule  at  X and  V cut,  90 ’and  2-axls  cylinder  at 
and  ^-axis  boule,  90  • 


The  variation  of  the  surface  wave  velocity,  the 
piezoelectric  coupling  arid  U.e  power  flow  angle  is  pre- 
sented for  six  standard  c.-ystallographic  cuts  in 
Figure  1 . The  cuts  have  been  connected  so  that  there 
is  a continuous  va.-lation  for  the  quantities  of  interest. 
The  values  for  the  Z type  cuts,  l.e.,  Z-cut,  Z-axls 
boule,  and  Z-axls  cylinder  are  not  shown  but  niay  be  de- 
duced from.  Figure  1,  Because  of  the  hexagorial  6ym..T.e- 
try  of  the  IJIO3  lattice  the.-e  is  no  variatlcr.  ir,  SAW  pro- 
perties over  any  of  these  cuts.  The  values  for  the  SAW 
prope.'ties  of  Z-cut  are  those  of  X and  Y-axis  cylinder 
at  o’,  for  Z-axls  boule  they  are  those  of  X end  Y-cutat 
90 ’while  for  Z-axls  cylinder  they  are  those  of  X and  Y- 
axis  boule  at  90  . 

Table  i.  Maximum,  iv/v  and  miaxlmum  and  mlnltnum.  SAW 
velocities  for  various  piezoelectric  m,aterlal6. 


Maximum.  Minimum.  Maxim.um 
tv/v{xl0"2)  Vel  (M/sec)  Vel  (M,/sec) 


.34 

1904 

2258 

.8 

3318 

4000 

.87 

3110 

3390 

.80 

1623 

1834 

.66 

3173 

3475 

.11 

3175 

3840 

.02 

825 

2028 

Material 

UIO3® 

UNbOj^ 

LlTaO^ 


Bli^GeO^^c 

LlGaO| 

Quartz^ 

'present  work 
^Reference  2 
^Reference  22 
Reference  3 


The  most  attractive  cut  in  LIIC3  for  possible  SAW 
appllcauons  is  Z-cut.  The  piezoelectric  coupling  re- 
aches its  maximum  value  and  remains  constant  through- 
out the  cut.  The  power  flow  angle  is  not  toe  high  and 
its  co-mespondlng  rate  of  change  along  Uhis  cut  is  zero. 
IVen  though  the  SAW  velocity-  is  quite  large  for  Z-cut 
in  comparison  to  other  cuts  in  LilOs,  this  velocity  is 
still  rather  low  com.pared  to  the  SAW  velocities  of  many 
of  the  commonly  used  SAW  m.aterials. 

LIIO3  is  com.pa.-ed  tc  som.e  of  the  other  SAW  mat- 
erials In  Table  1 . In  particular  the  rlrd.mum.  and  m.ax- 
im.um.  SAW  velocities  and  the  m.axlmum.  piezoelectric 
coupling  are  presented  for  various  m.aterials . LIIO3 
possesses  the  highest  piezoelectric  coupling  of  the  mat- 
erials listed.  In  fact  Its  coupling  is  rAxe  than  1.5 
times  the  coupling  in  L:.Vb03  which  possesses  the  high- 
est coupling  of  the  com..rionly  used  SAW  materials.  The 
SAW  velocities  In  L1IO3  are  quite  low  and  only  slightly 
higher  than  those  occurring  in  BijjGeCjQ  which  is  a 
miaterlal  commonly  used  in  long  delay  lines. 

LIIO3  has  definite  possibilities  for  device  appli- 
cations. Its  high  coupling  plus  relatively  low  SAW 
velocity  make  it  an  excellent  candidate  niaterlal  for 
long  delay  lines.  The  fact  that  there  is  no  variation  in 
the  surface  w^ve  properties  for  Z-cut  LiIC3  would  de- 
finltel>  InclhSate  the  delay  lint  design.  Further  ex- 
periti.ental  work  would  determine  the  usefulness  of  this 
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mdterul  (or  ether  SAW  devices  such  ss  filters,  re- 
sonators. directional  couplers  etc.  One  possible  pro- 
ble-Ti  ■til.jht  arise  In  the  fabrlcaf.or.  process  due  to  the 
(act  that  UIO3  Is  slich.tly  hygrosccpic.  Lxperi.T.ental 
work  In  the  measurement  of  surface  wave  properties 
and  the  design  of  long  delay  lines  Is  currently  under  In- 
vestigation . 
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The  surface  acoustic  wave  (SAW)  properties  of  LilOo  are  theoretically  studied  in 
order  to  evaluate  its  potential  for  use  in  related"* SAW  devices.  The  surface 
wave  properties  were  obtained  by  solving  the  coupled  electromagnetic  and 
acoustic  wave  equations  subject  to  the  appropriate  boundary  conditions.  The 
variation  of  the  SAW  velocity,  piezoelectric  coupling  and  power  flow  angle  were 
obtained  as  a function  of  crystallographic  orientation.  LilO^  was  found  to  have 
more  than  1.5  times  the  piezoelectric  coupling  of  LiNb03,  relatively  low  power 
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flow  angle  and  SAW  velocities  in  the  range  of  1900  m/sec  to  2300ai/scc.  The  high 
piezoelectric  coupling  occurred  for  Z-cut  LilO^  and  was  independent  of  angle.  The 
low  SAW  velocity  and  high  coupling  make  this  material  attractive  for  long  delay 
line  applications. 


